PGK-FRET aggregation on thermal unfolding PGK unfolding was monitored by heating a 5 µM sample of PGK-FRET in a thermally controlled fluorometer. PGK-FRET is labeled at the N-terminus with an mEGFP fluorophore and at the C-terminus with an mCherry fluorophore. The FRET efficiency curve was fit to a three-state model similar to what is shown in equation 5 in the main text except with the three states being folded, unfolded and aggregated ( Fig A) . The fit yielded an unfolding Tm of 45 °C and an aggregated Ta of 52 °C where PGK-FRET self-aggregates on unfolding.
mHsp70 and mHsp70K71M ATPase activity
The absorbance spectrum of PercevalHR shifts according to the nucleotide present ( Fig  B, panel A) . With 2 mM ATP the absorbance peak at 500 nm increased while with 2 mM ADP the absorbance peak at 420 nm increased. The ATPase activity was measured by monitoring the emission of PercevalHR at 520 for 500 nm excitation (Fig B, panel B ). As the ATP is hydrolyzed the absorbance at 500 nm decreases and hence the emission at 520 nm for the 500 nm excitation also decreases. The curves were fit using 1 st order reaction kinetics and yielded an ATP hydrolysis rate of 6.31 X 10 -1 sec -1 for mHsp70 and 3.69 X 10 -2 sec -1 mHsp70K71M.
Supplementary methods

In vitro circular dichroism and fluorometer melts
Prior to all measurements the glycerol from the frozen stocks were removed by spin filtration buffer exchange. Tryptophan fluorescence measurements and in vitro FRET binding experiments were conducted on an FP8300 spectrofluorometer equipped with Peltier temperature control S-2 (JASCO). For in vitro PGK characterization, tryptophan was excited at 295 nm, and emission spectra were collected from 290 to 450 nm. Samples were measured in 300 μL cuvettes at 5 μM concentrations, unless otherwise noted.
Circular dichroism (CD) was measured using a J-715 spectropolarimeter with Peltier temperature control (JASCO). Unless otherwise noted, all spectra were recorded from 250 to 200 nm at a scan rate of 50 nm/min at 1 nm resolution and averaging five accumulations. Thermal melts were done using a 2 mm path length cuvette. Unless otherwise noted, protein concentration in circular dichroism experiments was 5 μM. Protein unfolding was monitored by measuring the change in mean residue ellipticity at 222 nm.
All in vitro fluorometer melts were conducted in K1 buffer with 2 mM ATP and 10 mM DTT. For measurements with 1:5 mHsp70:ePGK, 2.5 μM ePGK was mixed with 0.5 μM mHsp70. Control measurements were conducted with either 5:1 mHsp70:mEGFP (5 μM mHsp70 and 1 μM mEGFP) or 5:1 mCherry:ePGKs (5 μM mCherry and 1 μM ePGKs). For crowding Ficoll70 was added to a final concentration of 300 mg/mL along with 1 μM Hsp40. Temperature melts with Ficoll showed signs of aggregation at higher temperatures.
In vitro FRET-PGK1 unfolding with denaturant guanidinium hydrochloride (GuHCl) was measured by conducting isothermal titrations at 20 °C of 5 μM FRET-PGK1 with GuHCl between 0-0.8 M. mEGFP was excited at 485 nm and emission spectra were collected from 480 to 700 nm in 300 µL cuvettes.
Measurement of ATPase assay with PercevalHR
Prior to all measurements the glycerol from the frozen stocks were removed by spin filtration buffer exchange. ATPase assays were conducted with the ATP sensor protein PercevalHR 1 . The plasmid for bacterial expression, pRsetB-PercevalHR (Addgene plasmid # 49081), was obtained from Addgene and was a gift from Gary Yellen. The protein was expressed as described in the main text and dialyzed in 5 mM MOPS, 300 mM NaCl, pH 7.3. Absorbance measurements were made in K1 buffer with 2 mM total nucleotide (2 mM ATP, 2 mM ADP or 1 mM each of ATP and ADP) and 5 µM PercevalHR. ATPase assays were conducted also in K1 buffer with 5 µM mHsp70 or mHsp70K71M, 2.5 µM Hsp40, 10 µM PercevalHR and 1 mM ATP. The PercevalHR emission intensity was monitored at 520 nm for 500 nm excitation for 2 hours at 15 second intervals at 37 °C.
Data analysis
Data analysis was performed with MATLAB (Mathworks). Midpoint denaturant concentration ( " ) was calculated using a two-state sigmoidal fit to the experimental isothermal titration data. Native and denatured state baselines were assumed to be linear with respect to the perturbing variable (concentration) so that the signal can be estimated by:
where is either the native state (N) or the denatured state (D), is the slope and is the intercept. " is the corresponding midpoint of the curve with the concentration . The total signal ( ) can then be estimated as a sigmoidal function with respect to concentration, :
2) ( ) = 2 ( ) 2 ( ) + 4 ( ) 4 ( ) ,
where, 2 and 4 are the populations of the N and D states, respectively.
3) 78 = : ;< =⟶? @A ,
Fits to equation 2 yield the midpoint concentration ( " ).
The kinetic data for mHsp70 ATPase activity was fit using the equation:
where, is the reaction rate. The mHsp70 fits yielded a value of -0.6623 for which was fixed at this value for fitting the kinetic data for mHsp70K71M. The data for mHsp70K71M was then fit to the equation: In ATP PercevalHR shows an absorbance peak at 500 nm. As the ATP is replaced by ADP the peak at 500 nm decreases giving rise to a new absorbance peak at 420 nm. (B) ATPase activity of mHsp70 (blue) and mHsp70K71M (red) monitored by PercevalHR emission intensity at 520 nm for 500 nm excitation. The rates were fit using a 1 st order reaction rate kinetics and the rate, k, = 6.31 X 10 -1 sec -1 for mHsp70 and 3.69 X 10 -2 sec -1 mHsp70K71M. Fig 7B, and 4x smaller than the change seen for mHsp70K71 with ePGK in Fig 7A. S-14 
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